A bacteriocin-like inhibitory substance producing Lactococcus lactis subsp lactis strain, ST1, isolated from goat milk of Iranian origin and with broad spectrum of activity and desirable technical properties was used for evaluating some futures of bacteriocin inhibitory activity. Cell growth and bacteriocin production studies were carried out in MRS medium incubated statically under uncontrolled pH condition. The antibacterial activity presented a primary metabolite pattern and showed a rapid decrease at the stationary phase.
INTRODUCTION
The growing demands of less-processed and more natural and safe food products have led to considerable interest in the application of natural antimicrobial substances as food preservatives. Bacteriocins, the focus of abundant studies in this concept, are defined as ribosomally synthesized, extracellular, antibacterial peptides that are generally active against closely related species to the producer microorganisms (11) . Although many bacteria are reported as potent bacteriocin are of particular interest (11, 24) . Among all, several strains of Lactococcus lactis subsp lactis produced nisin with desirable stability and a broad spectrum of activity not only against closely related species but also towards some food-borne pathogens such as Listeria monocytogenes. Nisin has been approved as a GRAS food preservative and became as the most widely studied bacteriocin (1, 10, 20) .
For effective application and the highest production of bacteriocins understanding the relation between cell growth and bateriocin production sound necessary. It has been reported that nisin biosynthesis occurs during the exponential growth phase affected by several cultural and environmental factors (1, 23, 26) . Additionally, a dramatic decline of activity at the final stages of exponential growth phase was demonstrated for nisin and some other bacteriocins (1, 10, 22, 32, 33) . As a result, investigating the metabolic features of bacteriocin biosynthesis and understanding the most effective factors on bacteriocin production is significant in order to improve the production rate. Additionally, creating the optimum conditions for the maintenance of the activity seem to be economically significant.
Studies have demonstrated that the bacteriocin molecules are, in general terms, adsorbed by the producer cell (5, 36) .
Releasing bacteriocin molecules from the surface of the producer is an important preliminary step to achieve high quantity of purified bacteriocins for production or further Apart from effective parameters on the bacteriocin connections to the cell wall of the producer, each change in the structure and functionality of cell wall can be effective on release of bacteriocin. Dmitriev et al. (15) claimed that the functionality of the cell wall of bacteria can be influenced by every kind of shock that can be due to improvement or damage of its normal physiological and vital activities. Ultrasound has been introduced as an effective factor in damaging the cell wall of the micro-organisms by causing cavitations in aqueous solutions (28) . This has inspired and partly assisted the hypothesis for evaluation the effect of ultrasound shock on the bacteriocin release.
In our study the kinetics of cell growth and bacteriocin production by an isolated LAB strain from Iranian milk samples are studied. It is shown that bacteriocin production and maintenance is affected by different environmental factors such as atmospheric growth condition. Furthermore, the effect of different treatments such as ultrasound shock on bacteriocin desorption from the cell wall of the producer is evaluated, and the best method for bacteriocin release was introduced.
MATERIALS AND METHODS

Bacterial strains and culture media
In previous studies, bacteriocin producing strains were detected in fermented and non-fermented dairy samples collected from central regions of Iran and the isolated strain showing prominent inhibitory spectrum with highlighted technical properties (heat stability, stability over a wide range of pH and viability over time) was genetically identified based on the sequence of 16S rDNA and selected for further studies.
The selected producer used in this survey as bacteriocin producer, was grown in De Man Rogosa & Sharpe (MRS) broth at 37°C, and Micrococcus luteus, which was applied as an indicator strain, was grown in CASO medium at 30°C.
Bacterial stocks were maintained frozen at −70 °C in 25% (v/v)
glycerol. The cells were propagated twice in appropriate broth media for 20 h before application. Adding 15 and 10 g l −1 agar to the broth media, respectively, led the experiment to obtain agar and soft agar afterward. All chemical reagents and enzymes were gained from Sigma-Aldrich (St. Louis, MO, USA), and the culture media used in the experiment were supplied by MERCK (Germany).
Cell growth and Bacteriocin production
Bacterial growth and BLIS production were studied at 37 °C in 250-ml Erlenmeyer flasks containing 100 ml of MRS broth medium prepared from single ingredients (12) . Overnight culture of ST1 was inoculated into MRS broth (1 ml l ) using a sterile cotton swab.
For the pre-diffusion phase, the plates were initially kept at 4°C respectively and the cultures were incubated at 37 °C.
To estimate the effect of temperature, MRS broth (pH 6.2)
was inoculated with the producer suspension and incubated at 25, 30 and 37 °C.
All flasks were incubated for 20 h without agitation, and changes in cell counts (c.f.u ml
) and production of bacteriocin (AU ml
) were determined every 2 h.
Bacteriocin release from the surface of producer cells
Studies have shown that the fermentation broth can be best collected as soon as maximum activity is reached (13) .
Therefore, for evaluating the effect of ultrasonic waves, heat treatment and Tween80 at different pH conditions on physical desorption of the bacteriocin from the cell wall of the producer (ST1), a 14 h culture was obtained as described above and split up into two parts; Tween80 (0.5 %) was added into one part and the other remained intact. Each sample was then divided in 
Statistical analysis
For estimating the effect of different parameters on cell count, bacteriocin activity and changes in pH, each experiment was repeated three times and the mean was reported. ANOVA with a 99% confidence levels was used for analyzing the variances and detecting the significant or nan-significant In all tested conditions, the exponential phase started after 2 h and the maximum biomass was achieved after about 14 h of incubation which remained constant up to the end of incubation time. In this context, the pH decreased rapidly during 12 h of exponential growth phase and the rate of pH drop decreased at the early stationary phase. In addition to these findings, the bacteriocin production started as soon as the cells entered the exponential phase. The bacteriocin activity rose rapidly and the maximum activity was attained after about 12−14 h incubation.
As shown in Figure 1 the maximum bacteriocin production was achieved at the end of exponential growth phase when the intensity of cell growth and pH drop decreased.
No significant differences were observed in cell growth, bacteriocin production and pH decrease, when ST1 was grown in capnophilic and microaerophilic growth conditions ( Figure   1a and b). Cell growth and bacteriocin production were favored in these two conditions while lower growth and activity were observed in aerobiosis. Cell growth was restricted to 8.89 c.f.u ml −1 at the end of incubation time in aerobiosis while, it was recorded as 9.62 and 9.42 c.f.u ml −1 in microaerophilic and capnophilic condition, respectively. The maximum activity was also detected after 12 h of incubation in candle jar as well as microareophilic growth conditions by 320 AU ml −1 (Fig 1a and b, respectively), but under aerobic condition the activity just reached 160 AU ml −1 after 12 h of incubation (Fig 1c) .
Incubation under aerobic condition resulted in final pH 4.6 after 20 h incubation that is much higher than 3.9 and 4.1 in the case of microaerophilic and capnophilic condition. Oxidative stress could, in general, slightly impact the growth of LAB, since they are defined as aerotolerant microorganisms though different behavior had been detected for bacteriocin production in various atmospheric incubation conditions (7, 17, 19, 27 ).
Hirsch (17) 
Cell growth and bacteriocin production at different initial pHs, inoculum sizes, and incubation temperatures
As shown in Figure 2 , increasing the initial pH from 4.5 to 6.0 enhanced cell growth and bacteriocin production.
Maximum bacteriocin activity (640 AU/ml) was obtained when the pH reached 6.5, followed by when it reached 7.0 and 7.5.
Slight reductions in growth and activity were detected when the pH reached 8.5. The broadest range of stability in antimicrobial activity was achieved at pH 6.5 and cell growth was also among the highest (Fig. 2d) Based on the results reported in Figure 3 , inoculum level significantly affected bacteriocin production by ST1, while in all the samples, cell growth entered stationary phase after about 14 h of incubation. Maximum bacteriocin activity and stability (640 AU/ml) were obtained at the lowest inoculum level (Fig. 3a) .
Aside from lower BLIS production, reduction in activity during the stationary phase was also achieved in the case of high initial cell density (Fig. 3c) . These results are contradictory to those reported for Camobactetium piscicola LV17 (25) , Lactobacillus plantarum 17.2b (14) . The positive effect of inoculum size on bacteriocin production was reported for these producer strains. Cell growth, log CFU/ml
The effect of different temperatures (25, 30 and 37 °C) on growth and bacteriocin production by ST1 is shown in Figure   4 . The highest cell density was achieved at 37 °C (9.57 log CFU/ml), while the optimum temperature for bacteriocin production was recorded as 30 °C. The inhibitory activity was reduced much further at 37 °C, which may be related to an increase in proteolytic degradation or nutrition depletion.
Maximum bacteriocin production at suboptimal growth temperatures has also been observed in other surveys (9, 14, 30) .
The results of bacteriocin production by L. lactis subsp. Table 1 . Alkaline pH was not tested because of its slight inactivating effect on the bacteriocin, as it has been determined in preliminary tests (data not shown).
Adjusting the pH of CFS to all acidic conditions, without any further treatment, did not influence the bacteriocin activity.
Release was achieved after 5 and 10 min, in all treated samples at pH 2 and 4. No release was achieved when the samples were heated or exposed to ultrasonic waves at pH 6. Increasing treatment period from 10 to 15 min was not favorable in all cases and resulted in lower activity that could be related to the inactivation of inhibitory compound during these conditions.
In whole, heating at acidic conditions was more effective than ultrasound shock. Heating at 100 C in the presence of 0.5% Tween80 resulted in 200% increase in bacteriocin activity but just 133.3% increase in the activity was observed after the ultrasound shock in the presence of Tween80.
Furthermore, Tween80 played an important positive role in bacteriocin release and it caused higher activity after heating and ultrasound shock. It was obviously found that pH 2 and 0.5% conditions. This reduction was more pronounced in favorable growth condition. On the other hand, as the culture became more acidic at such growth phase and conditions, our finding expected higher levels of release and inhibitory activity in these conditions while the expectation did not come true, and a considerable reduction was detected instead. Thus, this decrease in activity cannot be explained by bacteriocin desorption, and the situatuation needs to be analyzed and observed through a different base. Based on the highest cell growth and bacterial activity under desirable growth conditions, this reduced inhibitory activity could be related to nutrition depletion, protein degradation and/or deferent effect of low pH on bacteriocin production.
